Coal tar pitch was co-pyrolyzed with FCC slurry. The co-pyrolysis temperature is at 420 o C with the mixture of coal tar pitch and FCC slurry mixing ratio of 1:1. The penetration, softening point, ductility and other properties meets the specifications of BZ200. The co-pyrolysis asphalt was analyzed using FTIR, NMR etc. The results show that there occurs hydrogen transfer and alkyl transfer reaction of FCC slurry and coal tar pitch during co-pyrolysis, leading to the improvement of molecular structure of modified asphalt.
INTRODUCTION
Coal tar pitch (CTP) is a residue from the distillation of coal tar, which is a byproduct of coal tar processing, yielding 50-60%. CTP has been widely used in steel, aluminum, refractory materials, carbon industry, road construction and building materials industries. However, most of the utilization of CTP have serious problems such as pollution and low utilization efficiency etc [1] .
The utilization efficiency of CTP is of great importance to the coal tar industry. The market price of coal tar is usually lower than that of coal tar, which results in low efficiency and even losses. It is an vital important problem on how to carry on the deep processing of CTP. Deep processing of CTP can not only enhance the value of energy, but also an effective way to solve the problem that the environment was disrupted because of the extensive use of CTP.
Fluidized Catalytic Cracking (FCC) is one of the world's most important heavy oil process today. In order to improve the capacity of the unit, reduce coke production amount and increase the light products, some slurry is discharged from FCC unit. The efflux ratio of oil slurry in the FCC unit of the refinery is about 3%-5% of the total amount, that is about 300-500 t/a FCC slurry [2] . FCC slurry oil is a kind of low-value-added products, which is mainly used as blended fuel oil components, road asphalt, or mixed with carbon black feedstock to coking raw materials. Solid catalyst particles in the FCC slurry would adversely affect the quality of the products and fuel oil. Therefore, it becomes a key problem how to solve the efficiently comprehensive utilization of efflux refinery FCC slurry.
The composition and structure of CTP is different from that of petroleum asphalt, and the road performance of them is also different. The advantages of coal asphalt are good wettability, adhesion properties, anti-erosion performance of oil and the large road friction coefficient. But its shortcomings are high heat sensitivity, poor ductility, easy aging and environmental pollution, which limits its application. Petroleum asphalt has such advantages like low heat sensitivity, viscoelastic properties in a wide temperature range, anti-aging performance, but its main drawback is the poor performance of gravel adhesion. The results show that if the two kinds of asphalt are mixed to prepare the modified asphalt. Its comprehensive performance is better than that of single one [3] . The adhesion properties of modified asphalt mixture can improve pavement firmness, the viscosity with temperature, The modified asphalt can reduce the operating temperature of the mixture paving and compaction and improve anti-erosion performance of oil well and high load performance of pavement, which enhance resistance to plastic deformation and increase friction coefficient of pavement [4] . Since 1970s, many countries, such as Germany, Switzerland, France, Poland and other countries, have begun to produce asphalt with physical blending method mixtures of the main components of petroleum asphalt. The proportion of petroleum asphalt in modified asphalt mixture is generally 65-85%. The practical experience of production and application of mixed asphalt paving road materials in foreign for many years, and is used for highway construction. The research and preparation of modified asphalt of paving technology from CTP has just begun in China, the main problem is lack of systematic study on structure, modification mechanism and the impact on the environment. Especially.
In this research, the modified asphalt was prepared by co-pyrolysis of CTP and FCC slurry. The mechanism of co-pyrolysis is studied.
Experimantal

Material
CTP is selected from Jinma Coking Plant and FCC slurry is selected from Shengli Refinery of Qilu Petrochemical Co. Some properties of the samples are listed in Table 1 and Table 2 .
Method
This experiment for intermittent operation, the main device for magnetic autoclave 0.5L, medium temperature coal tar and FCC slurry with 1:1, 3:2, 7:3 was added to the reactor confined to 10 degrees /min the heating rate of the temperature in the reactor will rise to 410°C-450°C, the pressure maintained at 3-5Mpa, 40min after the reaction to 200 the open kettle sampling, analysis of reaction products 
Analysis
The softening point, penetration, ductility index for asphalt and the softening point of asphalt reflect the asphalt high temperature stability and temperature sensitivity. Determination of the softening point of the modified asphalt by Ring-and-ball method according to GB/T 4507-2014. According to the asphalt industry standard SH/T 0522-2000, suitable softening point of the modified asphalt is selected to test ductility (GB/T 4508-2010) and penetration (GB/T 4509-2010).
The equal weighted samples of the pitches were ground with KBr, pressed into wafers, and analyzed by Fourier transform infrared spectroscopy (FT-TR) (Tensor-27 Bruker, Germany) at a resolution of 4 cm-1, respectively.
1H nuclear magnetic resonance (1H NMR) spectra of the Toluene solubles of the pitches were recorded with a Varian AS600 spectrometer. Ten percent solution of the pyridine soluble mixed with CDCl3 at 1:3 was examined using tetramethylsilane as the internal standard.
Results and Discussion
Characteristics of Modified Asphalt
The curve of softening point of modified asphalt with the reaction temperature is shown in Fig. 1 . As can be seen in Figure 1 , the softening point of modified asphalt increases with the increase of heat-treated temperature. At the same co-pyrolysis temperature, the softening point increase with the increase of CTP adding content. The softening point of modified asphalt can be adjusted by adjusting the proportion of FCC slurry with CTP and the heat treatment temperature. 
FTIR
The raw materials and the reaction products were analyzed by FTIR. The results of the co-pyrolysis reaction products with FCC and CTP ratio of 1:1 were compared with the raw materials. The results were shown in Fig. 2 . A1460 and A1380 in the formula indicate the intensity of the absorption peak at 1460 and 1380cm-1. The value of r of CTP, FCC oil slurry and modified asphalt were 1.6444, 1.8169 and 1.7670, respectively. The results showed that the chain length increased when the modified asphalt treated by co-pyrolysis was longer than that of CTP. In the vicinity of 3040cm-1, the absorption peak of aromatic ring C-H stretching vibration is calculated based on the peak area. The aromaticity index of CTP, FCC slurry and modified asphalt was 0.531, 0.505 and 0.523, respectively, calculated according to formula ） （ 2920 3040 3040 ar
The results showed that the aromaticity of the modified asphalt was higher than that of CTP. That is because hydrogen transfer reaction occurs from FCC slurry to coal tar, reducing the aromaticity of asphalt. The absorption peak near 740cm-1, 810cm-1 and 880cm-1 attribute to respectively. the aromatic ring four position, the two position of the substitution of hydrogen, a single position substituted hydrogen. The substituted aromatic ring can reflect the degree of condensation of poly aromatic hydrocarbon. For example, the higher degree of condensation, the more single position substituted hydrogen. The more the four substitution indicates that the lower the degree of condensation of the molecule, the molecule is a rodlike structure. As can been seen from Fig. 2 , the CTP and FCC slurry containing certain amount of hydrogen of one or two, four aromatic rings. The modified asphalt contains only the two position of the substitution of hydrogen, showed that after co-pyrolysis reaction, condensation degree of aromatic ring of CTP decreased, molecular weight tends to be uniform. The Ab880/Ab1600 values of CTP, FCC slurry and modified asphalt were 0.3631, 0.1674 and 0.2821, respectively. The results showed that the condensation degree of condensation of the modified asphalt was decreased.
HNMR
Hydrogen and relative content of different chemical shift are shown in table 3. It can be seen that substituted hydrogen on the aromatic ring of modified asphalt content was significantly reduced comparing to CTP. Har value was 0.76 for CTP and 0.45 for modified asphalt. The relative content of hydrogen at α and β increased obviously. FCC slurry in co-pyrolysis process serves as hydrogen donor. The hydrogen transfer lies in two ways through the hydrogen free radical or alkyl side chain transfer mode, that is to say, through alkyl transfer or hydrogen transfer reaction, the hydrogen of modified asphalt increased, i.e. the aromaticity of modified asphalt is decreased in the pyrolysis process. The result is consistent with FTIR analysis. 
CONCLUSIONS
(1) Under certain conditions, the preparation of road asphalt by co-pyrolysis of CTP and FCC slurry is feasible, and the research prospect is broad. When the mixture ratio of 1:1 and 3:2 of CTP and FCC slurry was added to the reaction temperature of 410°C-440°C, all the characteristics of the modified asphalt could meet the industry standard of road asphalt (2) During co-pyrolysis process, the FCC slurry is mainly used to supply hydrogen and the alkyl side chain to CTP. The molecular structure of CTP was improved.
